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Thesis Summary 
In precision slicing of semiconductor crystal materials, to improve the added value, high 
efficiency slicing is required where the cutting width is narrowed to reduce material loss. Previous 
studies have been reported on slicing conditions related to fixed abrasive diamond wires, but it is 
not clear how the fine abrasive grains cause machining damage and influence the machined surface 
accuracy in the high-speed wire running region. In this research, slicing processes of brittle 
materials such as single crystal silicon and single crystal silicon carbide were investigated using 
fixed-abrasive diamond wires on a newly developed wire saw device which is capable of high 
velocity. The machined surface accuracy, subsurface damage in workpiece materials and the 
processing mechanism were investigated. 
Chapter 1 summarizes the background and previous studies.  
Chapter 2 describes the development of a dicing wire saw device for high speed slicing. As the 
main element technologies corresponding to high speed slicing, tension control systems, wire guide 
pulleys, and an adjustment mechanism in width direction of workpiece was developed. 
Chapter 3 describes the results of slicing single-crystal silicon, which is a brittle material, at 
high wire speed condition. The slicing characteristics were examined by measuring cutting 
resistance, surface roughness, and wire surface observation. Apparent tension is applied in the wire 
running direction at high wire speed, and cutting resistance is reduced. It also clarified that the 
surface roughness of the workpiece is improved and the depth of micro dent is reduced.  
Chapter 4 describes slicing process of single-crystal silicon with fixed-abrasive diamond wires 
with various abrasive grain diameters, the mechanism of slicing process and subsurface damage. It 
was revealed that as the abrasive grain size became smaller, the depth of cut of the abrasive grain 
became smaller and ductile mode cutting process occurred. It showed that the surface damaged 
layer consisted of an amorphous layer, a dislocation region, and micro cracks. When the wire speed 
was slow, it was found the remarkable amorphization and polycrystallization of silicon occurred. 
Chapter 5 describes the evaluation on the slicing performance of single crystal SiC, which is a 
high-hardness brittle material, with high speed condition using fixed-abrasive diamond wire having 
ultrafine abrasive grains. In the fixed abrasive diamond wire slicing process, it was clarified that the 
lower side chipping of the workpiece was less than the conventional blade slicing.  
Chapter 6 gives summary of each chapter, and outcome of this study.  
 
